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DRAG Ai^D COOLING lYITH VARIOUS FORivIS OF COWLING FOR A 
"WHIRLWIND" ENGINE IN A CABIN FUSELAGE. 
By Fred E. Weick. 

Summary 

The National Advisory Committee lor Aerona.utics has under- 
taken an investir;ation, in the 20^foot Propeller Research Tunnel 
at Langley Field, on the cov/ling of radial air-cooled engines. 
A portion of the investigation has been completed, in which sev- 
eral forms and degrees of cowling were tested on a Tfright "Whirl- 
wind" J-5 engine mounted in the nose of a cabin fuselage. The 
cowlings varied from the one extreme of an entirely exposed en- 
gine to the other in which the engine was entirely enclosed. 
Cooling tests were made and each cowling modified if necessary 
until the engine cooled approximately a,s satisfactorily as when 
it was entirely exposed. Drag tests were then made with each 
form of cowling, and the effect of the cowling on the propulsive 
efficiency determined with a metal propeller. 

The propulsive efficiency was found to be practically the 
same with all forms of cowling. The drag of the cabin fuselage 
with uncowled engine was found to be more than three times as 
great o.s the drag of the fusela.ge with the engine removed and 
nose rounded. The conventional forms of cowling, in which at 



N.A.G.A. Technical Note No. 301 2 

least the tops of the cylinder heads and valve gear are exposed, 
reduce the drag somewhat, but the cowling entirely covering the 
engine reduces it S.6 times as much as the best conventional one. 
The decrease in drag due to the use of spinners proved to be 
almost negligible • 

The use of the cowling completely covering the engine seems 
entirely practical as regards both cooling and maintenance under 
service conditions. It must be carefully designed, however, to 
cool properly. With cabin fuselages its use should result in a 
substantial increase in high speed over that obtained with pres- 
ent forms of cowling on engines similar in contour to the J-5. 

Introduction ' 

The problem, of cowling radial air-cooled engines has puz- 
zled aircraft designers since the adoption of the static radial 
engine. The cowling has m important effect on both the cooling 
of the engine and the drag of the airplane, and no reliable data 
on either have been available. 

At the conference of aarcraft manufacturers held at Langley 
Field on May 24, 1927, several requests were made tho.t an inves- 
tigation of the cowling and cooling problem in regard to radial 
air-cooled engines be undertaken in the nev/ full scale Propeller 
Rese8.rch Tunnel which was then just being completed. A progrojn 
for a series of tests was dra^ up and submitted to the manufac- 
turers for criticisms cjid suggestions, several of which were 
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adopted. 

The program as finally arrcjiged includes ten main forms of 
cowling to be tested on a J-5 en;":ine in connection with tv/o fuse- 
lages, three on an open cockpit fuselage and. seven on a closed 
cabin type. The seven forms of cowling on the cabin fuselage 
rcjige from the one extreme of an engine entirely exposed except 
for the reo-r cro.nk case, to the other extreme of a totally en- 
closed engine. One of the cowlings v/ith the open cockpit fuse- 
lage includes individual fairings behind each cylinder. Three 
forms of covrling, two of v/hich are on the cabin fuselage, afford 
direct comparisons with and without a propeller spinner. The 
progrcjii involves the mea,surement of the engine cylinder tempera- 
tures, each cowling being modified, if necessary, until the cool- 
ing is satisfactory* The cowling is then tested for its effect 
on drag end propulsive efficiency. 

Since this progrc>jn necessitates extensive structural changes 
between the tests on the various cowlings, it is requiring a 
considerable period of time. The portion of the investigation 
involving the cabin fuselage is now finished end is being report- 
ed in a preliminary maimer in this note in order to make the re- 
sults available to those interested as quickly as possible, A 
more complete report covering the entire investigation v/ill be 
published Icuter, 

Although the tests are being made in the Propeller Resee.rch 
Tunnel, a great deal of help has been received from other sec- 
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tions of the labora.tory, especially the Flight Operations Sec- 
tion, v/hich made a beautiful job of the cowling and also contrib- 
uted rna.ny helpful suggestions, and the Power Plants Division, 
which conducted the measurement of the cylinder temperatures. 

Methods and Apparatus 

The Propeller Research Tunnel is of the open-, throat type 
with an air streajn 20 ft. in diameter, in which velocities up to 
110 M*P»H* ecu be obtained. A complete description of the tun- 
nel, balances, and other measuring devices is given in Reference 
1. 

A standard Wright "Whirlwind" engine delivering 200 HP. 

at 1800 R.P.M. was used for these tests. It was mounted on a 
dynamometer enclosed within the fuselage so that the engine 
torque could be measured directly. The torque as measured in- 
cluded the torque on the engine cylinders due to the twist of 
the slip stream. In order to correct for this effect a special 
test Was made in which three J-5 cylinders com.plete with valve 
housings were miounted under the front portion of a water-cooled 
Wright E-2 engine on a VE-7 fuselage in the Propeller Research 
Tunnel (Fig. 11). The cylinders were in the same position rela- 
tive to the propeller as on a J-5 engine. The middle cylinder 
only was STipported in such a manner that its torque about the 
engine axis could be measured, and the same propeller used in 
the cowling tests was driven by the E-2 engine. The torque on 
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the middle cylinder \ms then found for various engine and air 
speedG with different amounts of co^Tling, and the results have 
been used to apply a correction, amount inr; to as much as 3 
per cent in some cases, to the engine torque and pc*.Ter. 

The cabin fuselage was designed to have a sha.pe and size 
approximating the average of the fuselages of several commercial 
"Fnirlv/ind'' engined cabin monoplanes. The fuselage was of rec- 
tangular cross section from the maximum section to the tail, 
and the forward portion p/as gradually faired to a circular sec- 
tion at the engine. This v/hole forward portion was rebuilt 
for the various cowlings* 

In order to make certain that the tests would be directly 
applicable to the present day high-wing cabin monoplcjies, a stub 
wing and pilot ^s extension cabin and windshield v/ere mounted on 
the fuselage oaid tested with three different cowlings. The 
wing, which was constructed of flat sheet aluminum over a wooden 
frcjne, had the Gottingen 398 section, with a 7-foot chord cmd 
16-foot span» 

The open cockpit fuselage is similar in shape to that of a 
Vought UO-1 airplane, and a UO-1 type landing gear is being used 
with both the open and ca.bin fuselages in this investigation in 
order to keep the landing gear factor constant. 

The cylinder temperatures of the engine were measured 
at 69 different points, 47 being on the top (iTo. l) cylinder and 
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the rest distributed at two or three representative points on 
each of the other cylinders. A mass of other engine data such 
as the manifold depression, fuel consumption, and carburetor air 
temperature, were also obtained. Only a small portion of the 
engine data is necessary to the present investigation, and most 
of it, along with a complete description of the thermocouples, 
pyrometers, and other inst3:ument s , will be published in a sepa- 
rate report by the Power Plants Division of the laboratory. 

The entire program includes ten main sets of cov/ling. Nos. 
1, 2, and 3 are to be used with the open cockpit fuselage and 
have not yet been tested. The cowlings tested on the cabin 
fuselage may be outlined as follows: 

No. 4 No cowling over cylinders or crank case. Tested 



with and without wing (Fig. l). 



No. 5 



Cowling covering slightly less than one-half of 



each cylinder and over crank case. 



Tested with 



and without wing (Fig. 2). 



No. G 



Scime as No. 5 but with spinner. Tested with and 



without wing (Fig. 3). 



No* 7 



Cowling over nearly all of each cylinder and over 
crank case (Fig. 4), 



No. 8 



Scjne as 



No. 7 but v:ith spinner (Fig. 5), 
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Uo# 9 Single cowling completely covering cylinders but 
no cowling over crank case (Fig. 6). 

No.lO Sajne as No. 9 but v/ith internal cowling similar 
to No. 5 over lower portion of cylinders and 
crank case (Fig. 7). 

All of the cowlings were constructed in a practical manner 
with fire walls and louvers. 

The first test made v/ith each cowling v/as on the cooling 
properties, the cylinder temperatures with the unccv/led engine 
(No. 4) being used as criterion. In the first few series of 
cooling tests the engine was run at full throttle at air speeds 
of 60, 80, and 100 M.P.H. At each speed the run was maintained 
until the temperature conditions had become constant. It was 
found that in each case the engine ran slightly v/armer at 80 
M.P.H. than at either 60 or 100, so the remainder of the tests 
were run at 80 LI.F.H. as representing the v/orst flight condi- 
tions for cooling. The conditions v/ere therefore similar to 
those in an extended full throttle climb in flight. If the cool- 
ing with cony cowling was not as satisf o.ctory as that Y;ith the 
uncowled engine, the cowling was miodified until satisfactory. 

Drag tests were run v/ith the various cov/lings, both as they 
v/ere originally constructed and as they were finally modified to 
cool properly. 
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After a covaing cooled properly^ propeller tests were made 
to determine the effect ox the cowling on the propulsive effici- 
ency. The propeller, which had adjustable aluminum <alloy blades 
(Fig. 31), was tested at both a low and a high pitch setting with 
each cowling. The hub to which the blades were fitted was of 
steel, and in order to save weight, had been made 1 inch shorter 
than the hub for which the blades had been designed, so that 
while the dra.wing shows a 9^fcot propeller, the diameter in these 
tests was actually 8 ft. 11 in. The propulsive efficiency found 
from these propeller tests includes the increase in drag of all 
parts of the body affected by the slip stream and also the ef- 
fect of the body interference on the propeller thrust and power. 

Cooling Tests 

The cylinder temperatures obtained with co\'!ling No. 4 
(engine uncowled, Figs. 1, 12 and 13) at full throttle and 80 
M.P.H* were used as a criterion by which to judge the cooling 
v/ith the other forms of cowling. The particular temperatures 
used for compa^rison are tabulated in Table I. The hottest part 
of each cylinder was the rear spark plug boss, and it v^as at 
first thought that the average of the rear spark plug boss tem- 
peratures for all nine cylinders would be used as a measure for 
comparison. In some runs, however, one or two cylinders had 
very low temxperatures , probably because they w^ere not developing 
full pov;er, so the average of the five hottest cylinders has been 
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taken as a better criterion of the cooling. The highest tempera- 
ture recorded on any cylinder was also used as a criterion, and 
also three representative points on cylinder No.- 1 (top cylinder )♦ 
One of these was at the rear spark plug boss, one at the rear 
central portion of the barrel, and the third at the rear lower 
portion of the barrel. The rear points were chosen because they 
represented the highest temperatures around the cylinders. In 
addition to the above cylinder temperatures, the lubricating oil 
temperature and the temperature of the air in the tunnel were 
considered. 

The temperature conditions under which these tests were made 
in the wind tunnel were more severe than the conditions found in 
flight in a temperate climate, and probably correspond to those 
of a sustained full throttle climb in a tropical climate. The 
cylinder temperatures recorded were therefore in the neighborhood 
of 100*^ higher than have been found in flight tests. 

The cooling with cowling No. 5 (Figs. 2 and 14), in which 
the cov/ling covered the crank case and nearly half of each cyl- 
inder, was better than with no cowling whatever over the engine. 
The hottest five cylinder head t em.peratures averaged nearly 70^F^ 
lower thrji with cowling He 4, while the cylinder barrel and oil 
temperatures were the same. With cov/ling No. 6 (Figs. 3 and 15), 
which v;as the saxne as No. 5 excepting for the spinner, the cool- 
ing effect would be obviously about the same as v/ith No. 5, so no 
cooling tests were considered necessary. (since the full throt- 
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tie running seemed unuvsually severe, and since it v/as necessary 
to run the engine v/ith thermocouples attached for over 100 hours 
in all no full throttle running was done which was not necessary* 

No. 7 cov/ling (Figs. 4 and 16) as originally constructed 
enclosed the w^hole engine except for the tops of the cylinder 
heads and the valve geax. At the front of the cylinder the cov/l- 
ing cajne just under the spark plug, and at the rear it came just 
over the cylinder head proper, enclosing the rear spark plug* 
The cooling with this cov/ling was not satisfactory, for the oil 
and cylinder barrel temperatures were excessive, although the 
head temperatures, even those of the enclosed rear spark plug 
boss, were considerably lov/er than withi no cowling over the engin 
Apparently with cowling Nos. 5, 6, 7 and 8, the air flows past 
the cylinder heads at greater speed than v;ith no cowling over 
the engine. In order to improve the oil and cylinder barrel 
cooling with cowling No. 7, four slots were cut in the nose as 
shov/n in Fig. 17. These were effective in reducing the oil and 
barrel temperatures somewhat, but the temperatures were still 
too high, and on this run the piston in cylinder No. 9 failed 
due apparently to excessive temperature. The high piston temper- 
ature was probably due to the fact that with the high oil and 
cylinder wall temperatures with cowling No. 7, the heat was not 
conducted a^^vay from the piston skirt rapidly enough. The engine 
was repeared, and six larger slots were put in the nose cov/ling 
over the crank case as shown in Figure 18. Snough louvers were 
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already in the cowling behind the engine to permit the escape of 
the air passing through the nose slots. With this arrangement 
the cooling was considered satisfactory as compared with that of 
the uncowled engine (No. 4). The cylinder head temperatures were 
a little lower than for the uncowled engine, the oil temperature 
I was practically the same, and the barrel temperatures were a lit- 
tle higher. 

Incidentally, a series of tests with different sized carbu- 
retor jets ;vas run with cowling No. 7. It was found that the 
cylinder temperatures could be reduced materially by increasing 
the jet size. 

Cowling No. 8, which was the same as No. 7 except that it 
had a spinner , is shcv/n as originally constructed in Figures 5, 
19, and 20. On account of the large spinner, nose sljts similar 
to those in coY;ling No. 7 could not be used. Instead, the coy/1- 
ing was cut avjay immediately in front of each cylinder, as shown 
in Figure 21, to miake the engine cool properly. 

Cowling No. 9 completely covered the engine (Figs. 6 and 22). 
The air vms taken in at the nose and allowed to flow past-- the en-- 
gine, which was entirely uncowled inside of the outer hood, and 
out of an annular slot sim.ilar in section-, to some wing slots 
which have been tested. This type of nose and slot were designed 
to offer as little disturbance to the flow of air over the fuse- 
lage as possible, separating the air for cooling the engine from 
the general flow and then feeding it back smoothly through the 
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slot. No inicrrnation v;as available v:hen thic cowling was designed 
regarding the necessary size of the hole in the nose or tho slot. 
In the cooling test v/ith the original No. 9 covvling the cylinder 
head temperatures became excessive in a, very short time. 

No* 10 ccwling was the same as No. 9 except that it had No, 
5 cowling inside also (Figs. 7 and 23), so that the air was di- 
rected more particularly at the cylinder heads, o.nd at the Qsxne 
time had a smoother path past the engine. This improved the cool-- 
ing of the cylinder heads slightly, but they still ran much too 
hot. During the test the head of No. 3 cylinder developed a 
small hole about l/8 inch in diameter, apparently caused by a de- 
fective spot in the ali:iminum alloy becomiing too hot to v/ithstand 
the cylinder pressures. This cylinder v/as therefore replaced. 
It is interesting to note that the two cylinders v;hich gave trou- 
ble due to cooling, Nos. 3 and 9, were deprived of their full 
share of cooling air by the magnetos, which on the J-5 engine are 
placed in front of the cylinders. 

The outlet area at the slot had originally been made sma^ller 
than the inlet area, and the cowling was then modified by cutting 
3 inches off of the skirtof the hood or nose piece, which in- 
creased the area of the slot to that of the opening at the nose. 
With this m.odif ication the cooling was fairly satisfactory except 
for the cylinders located behind the magnetos (Nos. 2, 3, 8, and 9) 
The magnetos effectively blocked most of the air from those cylin- 
ders. 
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Next, deflectors, as shovm in Fig^Jire 9, v^ere installed be- 
tv;een the cylinders to direct the air to the hottest portions at 
■Ghe rear. These also reduced the temperatures slightly and v/ere 
retained. The next modification was to enlarge the hole in the 
nose from ?A in. to 28 in. in diameter. It was thought that this 
would not only allow more air to flow p^ist the engine, but also 
enable some air to pass over the magnetos. With the 28-inch open- 
ing the cooling v/as much better but the cylinders behind the mag- 
netos, especially No. 9, still ran too hot. 

Next a cut-out was made in the nose piece over each magneto. 
This improved the conditions somewhat, but not sufficiently, so • 
the cut-outs over the magnetos were enlarged, the cowling as it 
then appeared being as shov/n in Figures 8, 24, and 25. With this 
arrangement, the cooling was fairly satisfactory, but the tempera- 
tures were still a little higher than for the unccwled engine, 
especially at the lower portion of the cylinder barrels. 

In the original design, the slot had been placed as far for- 
ward a.s possible in the hope that it would help remiove the bound- 
ary layer near the region ^^f rather sharp curvature at the nose, 
and thereby help reduce the drag. This necessitated a sharp rise 
in the internal cowling immediately behind the cylinders, which 
hindered the flow of the coding air. In an effort to reduce 
mainly the barrel, but also the head temperatures, still further, 
the rise behind the cylinders was made gradual and the slot moved 
farther back as shown in Figures 8 and 26. The inside deflectors 
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were reto.ined as before. With this arrangement the cooling v/as 
very neaJ:ly as good as v/ith the uncov/led engine, ?.nd for the 
first time v;ith the ccv/ling completely covering the engine, the 
test v/as continued until the temperature conditions became con- 
stant (about 10 minutes). The five highest head temperatures 
averaged about SO^F. higher thexi for the uncowled engine, the 
barrel temperatures o.veraged about 60^F. higher, and the oil tem- 
per c?.ture was only 5^F. higher. The oil temperature could, of 
course, be reduced by reducing the covrling covering the crank 
case. One therm.ocouple had consistently recorded the highest 
temperatures v/ith No* 10 cowling, and this one was still somewhat 
high. 

A run was made next without the deflectors which directed 
the air around the cylinders. All of the cylinder t em.perature.s 
became ra.ther high in a short time, <and the run was stopped. 

Since the above deflectors were evidently very helpful in 
cooling the engine, another run was ma.de with improved ones. 
The original deflectors directed the air around both sides of 
the cylinders, but the second set turned the air in one direc- 
tion only, as shov/n in Figures 10 and 27. They were larger tha.n 
the first ones, and directed about two-thirds of the air between 
each two cylinders around the exhaust valve and rear spark plug. 
The cooling with this arrangement was considered apprwximately 
as satisfactory as with the uncowled engine. The cylinder head 
temperatures were about the same, and the cylinder barrel tem- 
peratures, which still averaged about SO'^F. higher, were consid- 
ered permissible. 
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In order to determine whether enclosing the propeller hub 
in a spinner would help the air flow, and consequently the cool- 
ing and drag, the above cowling was tested with No. 6 nose in- 
side as shovm in- Figure 28. After a few minutes of runnin;^ it 
was apparent that the cooling aiid drag were about the sai'ne as 
without the spinner, so the run was discontinued. 

Results of Drag Tests 

The observed drag test data are given in Table II and the 
results arc plotted in Figure 30. The drag of the beje fuselage 
(without supports or landing gear) with the various cowlings is 
given for ?n air speed of 100 H.P.H. in the following table. 



Cowling 


Fuselage and 
engine drag, 
lb. at 100 M.P.H. 


Reduction from 
uncowled engine , 
lb. at 100 M.P.H. 


No . 4 


Engine uncowled 


125 


0 


No. 5 


No spinner. Original 


119 


o 


No. 6 


Spinner. Original 


116 


9 


No. 7 


No spinner. Original 


103 


22 


No. 7 


Modified to cool 


111 


14 


No. 8 


Spinner. Original 


100 


25 


No. 8 


Modified to cool 


106 


19 


No . 10 


Combination of 9 
and 5. Original 


64 


61 


No. 10 


Modified to cool 


75 


50 
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■ C 0 ^.7 1 i n g 


TvL R el ri e nnd 
engine drag, 
lb. at 100 M.P.H. 


Reduction from 
uncov/led engine 
lb. at 100 M.P.H. 


No. 


10 


Modified to cool. 
With spinner 


75 


50 


No/ 


4 


Engine removed, 
ilose roi;jided 


40 


85 



The lc?.Gt item listed, Ko. 4 coTTling T;ith the engine removed 
and the nose rounded as sho^m in Figure 29', ha.s been included as 
cin idep.l ^vith v/hich to compare the effect of the various cowlings. 
Using this as o. basis, the uncoiled engine is responsible for oji 
increase in drag of 85 lb. at 100 M.P.H. 

The outstanding feature of the drag tests is the largo reduc- 
tion in drag obtained vdth the cov/ling which completely covers 
the engine. Considering only the cowlings v/hich cool properly, 
the reduction of drag with l\Io. 10 cowling is about 60 per cent 
of the totr2 possible reduction, and is 2.6 times as great as 
with .the next best, No. 8. 

The drag of the bare fuselage without engine is only 40 lb* 
a.t 100 M.P.K, Wlien the uncov;led engine is placed on the nose 
the drag is increased to 125 lb., or 3.13 times that of the bare 
fuselage without engine. With the best conventional cowling 
(No. 8) the drag is 106 lb. or 2.65 times that of the fuselage 
alone, and with the cov/ling totally enclosing the engine (No. 10) 
the drag is 75 lb. or 1.87 times that of the fuselage without 
engine. ■ 
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The forms of cowling most used in service are similar to 
}]os. 5 and 6, r?nd these have a very slight effect on the drag, 
and consequently an almost insignificant effect on the perform- 
ance of rn airplane. The reduction of drag is small even vmcn 
practically the whole of the cylinders are cov/led in, as in IIo. 
8. Apparently, if even a small portion of the engine is exposed, 
it is sufficient to disturb the smooth flow over the body, and 
the turbulent flow is associated v;ith high drag. Wlnen the entire 
engine is covered pjid the cooling air is separated from and re- 
turned to the outside cair smoothly as v;ith covrling No. 10, the 
smoother flov: is evidently accompanied by a substential decrease 
in drag. 

It is interesting to note that with cov;ling Nos. 7, 8, cind 
10, it cost respectively S lb., 6 lb., and 11 lb. in drag at 
100 H.P.E. to make the original designs cool properly. Apparent- 
ly, the method used with No* 8, which was to cut away the cowl- 
ing immedicitely in front of the cylinders, costs slightly loss 
in drag than the slots of No. 7. 

The V3.1ue of spinners in reducing the drag, when used in 
front of radial air-cooled engines, is sho\m by a comparison 
of cowling Nos. 5 paid 5 and Nos. 7 and 8 as originally designed. 
In each case the drag with spinner vras 3 lb. less at 100 M.P.H. 
than the drag without spinner. This v/ould represent a differ- 
ence in speed of a small fraction (about one-third) of a mile 
per hour on an average airplene with a J-5 engine. 
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It is interesting that the stub v/ing v;ith windshield in- 
creased the drag only 57 lb. at 100 Li.P.H, v;ith cowling No. 4, 
and 50 lb. with Nos. 5 and 6 (No. 4 had slightly more pilot's 
windshield exposed) , although the drag of the wing alone v/ould 
be. about 75 lb. as computed from model tests. 

Results of Propeller Tests 

A large mass of propeller test data has been obtained during 
these cowling tests, only a small portion of which is necessary 
to show the effect of the various cowlings on propulsive effici- 
ency. The rest will be used in another report dealing with body 
interference. The propulsive efficiencies obtained with the 
various cowlings are shown in Figure 32 for a propeller blade 
angle of 15^ at the 43-inch radius, and in Figure 33 for 23^ at 
the 42-inch radius. (These angle settings correspond to pitch- 
diaineter ratios of .63 and 1.02, the pitch being taken at 75 
per cent of the radius. The pitch of this propeller is a.pprox- 
imately uniform for all working sections when the pitch-diameter 
ratio is about .5.) The curves of propulsive efficiency are 
very nearly the same for all cowlings, although for both pitch 
settings the efficiencies with cowling No. 10 are the highest. 
The power and thrust coefficients v;ere also practically the 
same for all cowlings. 
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Discussion 

Effect on Airplane Perform ance : 

It is interesting to compare the various form.s of cowling 
with regard to their effect on the performance of a typical 
"Whirlwind" engined cabin monoplaJie. Suppose such an airplane 
with an uncowled engine similar to No. 4 required 200 HP. to 
fly horizontally at 125 M.P.H. If the airplane were equipped 
Yjith the usual amount of cowling, similar to Nos. 5 and 6, the 
power required would be reduced to 196 or 194 HP* respectively, 
at 125 M.P^H. If a cowling similar to No. 8, which is the best 
of the conventional forms, were used, the airplane would require 
only 187 HP., and with a cowling covering the entire engine 
similar to No. 10, 157 HP. The airplane with the latter cowling 
could therefore fly at 125 M.P.H. with the en^gine throttled more 
thiin 100 R.P.M. from the revolution speed required with the un- 
cowled engine. If the full 200 HP. were to be used, a cowling 
similar- to No. S (with spinner) would increase the speed less 
than one M.P.K., one similar to No. 8, about 3 M.P.H. , and one 
similar to No. 10, about 8 M.P.H. 

Considering all types of cabin airplanes having the same 
engine, the higher the speed attained with ordinary forms of 
cowling, the greater will be the imxprovement possible. This is, 
of c(5urse, due to the fact that in the fcistor airplanes the fuse 
lage-engine dra^g is a larger portion of the total. 
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Prac uic c?.bilit y : 

All 01 the forms of cowling tested hc?.ve been used on air- •. 
planes in service excepting the one entirely covering the engine- 
The forms enclosing a large portion of the engine have be-en 
found rather poor from o. maintenance standpoint bec^ause of the 
Icarge number of sma^ll parts which must be removed when it is 
necessary to work on the engine- This difficulty is accentuated 
where metal spinners are used, but fortunately, as these tests 
have shoim, spinners have an almost negligible effect on the 
performance of airplanes. 

The No. 10 cowling is similar to No. 5 in construction, ex- 
cept for the ncse piece. Fnen this is removed, m^st parts of 
the engine requiring frequent attention care accessible. As made 
for the tests, the nose piece for No. 10 cowling was a one-piece 
ring which was easily constructed aaid easily handled, its shape 
being such that it was stiff and strong without bracing. It had 
the disadvantage, however, that in order to remove it, it was 
first necessary to take off the propeller- To avoid this in 
practice it would probably be desirable to make the nose piece 
in two or three quick-detachable sections. 

With the J-5 engine it was necessary to have a rather sharp 
curvature at the nose of the No. 10 cowling. A better shape, and 
therefore still better perf orma^nce , could be obtained with an 
engine having (l) a greater distance between the cylinders and 
the propeller, (2) smaller over-all diameter, (3) the valve 
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ger.r ?.t the rer.r of tho cylirxders instead of projecting in front, 
and (4) iTic.gnctos nt the rear of the cylinders. 

Conclusions 

1# Tho drag of an average sized Cc?.lDin fuselage with the 
engine roinovod and the nose rounded is tripled by placing oJi 
uncov:led J-5 engine on the nose. 

2. V/ith the conventional forms of cowling, in which a por- 
tion of the cylinders and valve gear is exposed, the dro.g be- 
comes less as the cowling is increased, but even in the most 
extreme case the reduction 'unounts to only about 23 per cent of 
the increase in drag due to an uncowled engine • 

3. A spinner, if used in front of a radial engine, de- 
er eo.se s the drag but a very small amount a.nd has an almost neg- 
ligible effect on the performance of an airplrjie. 

4. With a cowling similar to Kc. 10, which covers the en- 
tire engine and separates the cooling air from the general flow 
about the body, the reduction in drag is o.bout 60 per cent of 
the increase due to .an uncowled engine. This is about 2.6 times 
as great as with the best conventional form of cowling. 
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5* The use of co77ling similar to No* 10 seems entirely 
practical as regards both cooling arcl mainten.ance under service 
conditions. It must be co.refully desijpied, hovrever, to cool 
properly. 

Langley Memorial Aeronautical Laborator^^, 

No.tional Advisory Committee for Aeronautics, 
L'-^jigley Field, Va. , October 5j 192C. 
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Olsserved G-ross Drag Data, Including Landing Gear and Supports. 
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a, 29. 75 'V 

b, 26"D 

c, 7.06^5 




o 



»-9 

o 
o 

O 



O 
(J 



o 



o 



Fig. 3 CoTT^ling II0.6 
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Fig. 4 Cowling No . 7 
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Fig. 5 Corling No. 8 
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Fig. 7 Cowling No. 10 modified. 



Area 656 

sq. in. 



a, 13.75" 

b, 18.0635" 

c, 36 "D 

d, 42 "D 

e, 47.5"D 

f, 47.5" 

g, 54.75" 

h, 61.25" 



Area 377 sq.in 
Area 346lsa^iij. 




1^ 
o 



>-9 
Q 

O 

O 

M 

O 
ct- 



O 

o 



Fig. 8 Cowling No. 10 modified. Slot in nose moved back. 
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Fig. 9 Double deflectors. 
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Figs. 11, 12, 13 




engine for slipstream torque tests. 



^OMxing No. 4, engine 
exposed. 




Fig. 13 Cowling No. 4 on fuselage with stub wing ana ianaing gear, 

•cuntei "^r- p^^.-rv - research Tunnel. 




Fig. 18 Cowling No. 7, six large slots. Fig. 19 Cowling No .8, original . 




Fig. 20 Cowling No .8, original . Fig. 21 Cowling No. 6, with cut-outs. 
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Figs . 33,33,24, 25, 26, 27, 38, 29 




Fig. 22 Cowling No.9 



Fig. 33 Cowling No. 10 




Fig. 24 Cowling No. 10, enlarged slot ani Fig. 35 Detail view of cut- 



nose holeand out-outs over magnetos. 
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Fig. 26 'Cowling No. 10 with slot ^^6-27 :ioaified cowling 

moved back. P^®^® removed showing 

■ief leotorsbetv^een cylinders. 




Fig. 28 Cowling No. 10 with No. 6 Fig. 29 No. 4 with engine removed 
nose with spinner. and nose rounded. 

, ^ESiM^9^ 



N.A.C.A. Tachnical IJote No. 301 
200 



180 



Fig. 30 



160 



140 



120 



100 




Fig. 30 



8 1 ig 16! 20| 

Dynamic pr^nsure, q, lb. /so. ft . 
50 50 70 80 ' 90 100 

Velocity, IL P. H. 
Drag of fuselage and engine with various cowlings. 



railing edge 




Sedtions 

looking ^ , — ^ p-/^ . 

from hub"* ^^1^ ^-^7^^ 1.08" .86" \ .69" 

to tip ^ • ^ Curve of maximum thiclaiess 



26" .18" 



o 

« 

1-3 
(D 
O 



O 
^3 



o 

O 



o 



Fig. 31 Metal propeller "blade, 9 ft. diameter, right hand. Navy Dept. Bureau of Aeronautics. 
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Fig. 32 Propeller i'o. 441S( IS'-'at 42'') on various coalings with- 



out wing a,nd with J-b eagine. 




33 Propeller lJo.44lS( 83°at 42") on various cowlings without wings and with 

J-5 engine. 
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Appendix 
Flight Tests of No, xO Cowling 
By Thomas Carroll 

In order that the practical value of the information in 
the foregoing report might be demonstrated, simple flight tests 
have been mad^ of the No* 10 cov^ling* 

Through the courtesy of the Army Air Corps at Langley Field, 
Virginia, a Gurtiss AT~5A airplane was obtained on which an 
adaptation of the No* 10 cowling was installed as shown in Fig- 
ures 34 vjiA 35. A series of flights was made by the three pi- 
lots of the laboratory. 

The maximum speed of this type airplane as in use at Lajigley 
Field had been reported at 118 miles per hour. This was checked 
by making a serien of level runs with a Curtiss AT~5A airplane 
at low altitude over the water at full power. The maximum speed 
was found to be 118 miles per hour at 1900 both air 

speed and R.P.M. being measured on calibrated instruments. Sim- 
ilar high speed runs made with the modified AT-5A showed a per- 
formance of 137 miles per hour at 1900 R.P.Mt, an increase of 
19 miles per hour. The original speed of 118 miles per hour was 
attained at 1720 RtP*M, ^n the modified airplane* 

7/hile the type of cowling as normally installed on an 
AT-5 is not partifuloJly adaptable to speed, the increase is 
considered remarkable. Furthermore, the improvement of flying 
qualities in smoothness of operation was also very favorably 



commented uDon by all pilots vfho have flov/n it. The air flow 
over the fuselage and over the tail surfaces is very obviously 
improved. 

The cooling of the engine was found to be normal in these 
tests. The oil temperature reached 58^ and was fairly consto.nt 
and there v/as no other indication of overheating. Likewise, 
there was no interference to the pilot's vision in any useful 
field. 

Langley I.'Iem.oria.l Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va.. , October 13, 1928. 
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